Abstract We demonstrate microring resonators using a thin layer of porous silicon (pore sizẽ 30 nm) as the cladding. With a loaded Q factor of 25,000, this new type of resonators is promising for bio/chemical sensing.
Introduction
Porous Si (PS) with large internal surface area and controllable porosity is a promising candidate for optical sensing applications [1] due to the enhanced interaction with various adsorptive analytes [2] . It is used as a host material not only in the chemical sensing, but also in biological sensing because of its good biocompatibility [3] . Currently, the PS layer is typically made by anodization; it thus becomes challenging to precisely control the shape and dimensions of the fabricated film. On the other hand, research progress in silicon photonics has successfully demonstrated high quality factor (Q) integrated microresonators with different geometrical properties (e.g., microdisk, microring, and microtoroid structures). These high Q resonators provide an excellent optical sensing platform where the sharp resonance features are modified in response to the external analytes of interest [4] . In this paper, using a shape-preserving chemical reduction method [5] , we experimentally demonstrate a novel integrated optical resonator with a thin PS cladding, which can benefit from both the increased field-analyte interaction and the high quality factor that is ideal for sensing applications.
Optical resonators with thin PS as top cladding
To enhance the interaction between the adsorptive analyte and the evanescent field on the surface of the silicon layer, the integrated optical device is designed to have a thin PS cladding on top, as is shown in Fig. 1(a) . The uniform PS layer is converted from a silica layer by the magnesiothermic chemical reduction process. One advantage of this method is that the shape and dimensions of the converted PS layer is determined by the initial silica layer on top of the Si device layer, which can be well controlled by the thermal oxidation and wet etching. Therefore, compared with the conventional electrochemical approaches, this method can provide accurate control of the resulting thickness of the PS layer as well as good uniformity of the pore sizes. Fig. 1(b) is the scanning electron micrograph (SEM) of a PS layer reacted from a silica layer on top of a silicon wafer, showing a pore size in the range of 20~30 nm. Ellipsometry measurements are used to determine the porosity and thickness. The porosity is measured to be ~ 70%, which agrees well with the theoretic value of ~ 65.1%. The fabrication starts from a SOI wafer with a 1 μm thick buried oxide layer. The silicon layer is 220 nm thick with a 60 nm thick silica cladding on top. A 1000 μm by 126 μm silica window is patterned with optical lithography where the top silica cladding will be converted to the PS cladding. After the magnesiothermic conversion, the optical resonators are patterned with electron beam lithography. A Cl 2 dry etching step is then performed to transfer the pattern to the silicon device layer [6] .
The fabricated optical racetrack resonators along with a PS cladding are shown in Fig. 2(a) , where the top surface of the waveguide appears to be rough due to the porous cladding. The radius of the racetrack resonator is 10 μm, with a 10 μm long straight portion. The induced roughness by the PS cladding can lead to an additional propagation loss. Therefore, same structures without the PS cladding are fabricated on the same sample for comparison, as is shown in Fig. 2 
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The fabricated optical racetrack resonators along with a PS cladding are shown in Fig. 2(a) , where the top surface of the waveguide appears to be rough due to the porous cladding. The radius of the racetrack resonator is 10 μm, with a 10 μm long straight portion. The induced roughness by the PS cladding can lead to an additional propagation loss. Therefore, same structures without the PS cladding are fabricated on the same sample for comparison, as is shown in Fig. 2(b) . Transmission measurement under TE polarization shows that the optical resonator with a PS cladding has an intrinsic Q of ~12,000, whereas the one without the cladding has an intrinsic Q of ~ 16,000. Thus, the PS layer does not reduce the Q considerably.
By incorporating a thin layer of PS as a cladding, we experimentally demonstrate a new class of optical resonators that can provide an enhanced light-matter interaction without significantly sacrificing the quality factor (spectral resolution). As observed in the preliminary sensing test with IPA vapor pulse shown in Fig. 4 , the resonator with a PS cladding has an intrinsic Q of ~12,000, whereas the one without the cladding has an intrinsic Q of ~ 16,000. Thus, the PS layer does not reduce the Q considerably.
By incorporating a thin layer of PS as a cladding, we experimentally demonstrate a new class of optical resonators that can provide an enhanced light-matter interaction without significantly sacrificing the quality factor (spectral resolution). As observed in the preliminary sensing test with IPA vapor pulse shown in Fig. 4 , the racetrack resonator with the PS cladding shows a much larger resonance wavelength compared with the result using the device without the PS cladding. This increased sensitivity combined with the high spectral resolution will lead to a much reduced detection limit of the implemented bio/chemical sensors for on-chip analysis. Very recently we have achieved a loaded quality factor of ~ 25, 000 (corresponding to an intrinsic Q of ~ 50, 000) from a 20 μm radius mircroring resonator, as shown in Fig. 5 . Further optimization and sensing results will also be presented.
